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Synthesis and characterization of the structural, optical and magnetic properties of Ni-Mn
spinel ferrites doped with Lanthanum

Motahareh Jafarpoor, Mohammad Rostami, Mohammad Hossein Majles Ara

Faculty of Physics, Kharazmi University, Tehran, Iran.

Abstract- In this study, after synthesis of Ni-Mn spinel ferrites doped with Lanthanum by sol-gel auto-
combustion method, their structural, optical and magnetic properties have been studied. XRD analysis was
used to investigate the structural properties, which confirmed that the synthesized powders have a dominant
phase of spinel ferrite with space group of Fd3m. The crystallite sizes were also calculated by the Scherer
equation and were obtained for pure and contaminated samples at about 41.915 and 41.919 nm, respectively.

FESEM analysis was also used to examine the morphology of the samples. The magnetic properties of the
samples were investigated by VSM analysis and it was found that these nanoparticles are soft magnetic
materials with high saturation magnetization, and therefore have applications in the field of electromagnetic
protection, reading heads in the field of data storage and so on. Correspondingly, UV-VIS analysis was
used to investigate the optical properties and determine the energy gap of the samples using the Tauc
relation and the energy gap for the pure and doped samples was calculated as 1.715 eV and 1.802 eV,
respectively.

Keywords: Nanoparticles; Ni-Mn spinel ferrites; Optical properties; Energy gap

[ Downloaded from www.opsi.ir on 2025-07-31 ]

" mrostami@khu.ac.ir
VoY

il s s B WWW.OPSEIE ol y oS ol JLzsl s 5,50 4o allie oyl


http://www.opsi.ir/article-1-2267-en.html

[ Downloaded from www.opsi.ir on 2025-07-31 ]

Oz 3 i SSR31 = ST Y 31 -ITAR 15! Sgishsils iles

doddo —

Sl She o @ ! CoZnMnNi aiile 208 bgd g iz L SUM ol o a5 MFe, 0, (IS Jgo 8 b Lol sl 840
slos (59,95 5 b plp)s Caaglie coss (51> g Slooattg U (6 )ll il (Sl g uablisie (S0 SIS B4 pazeie 9 gl
S S sl s (A 55 sl aile sinto Gl (slodinn) 5 53k Canmtl Wl (S0 Cangli 5 VU 5,55
ol 208 D350 cubline 5 (Sl s bzl Gla Sy dlae (ol o RATA § JRECIN N9 p e 9 o, o da S
B ) 0590 NiggMngaLlag g Feyog 9 NiggMngaFe 0, ol slaJge s b poili¥ b ool oVl g Lalls 5K - IS

RYPVERY

©ly393b angd (o9, -

o YO @ ol g LaCl;. 7H,0 Fe(NO3)3.9H,0 Mn(NO3),. 4H,0Ni(NO3),.6Hy0 5loos (595 polie dadiged i sl
Y 590 PH 4 (o) B Lo 08 035 08 (gmbline (yjon Lawgh 4880 diz Do 4y 5 a8lol £+ °C sg0> sled b ojigs ol ol
0 03y YLPCY v+ B Led s o 00 o2 AP0 (slos 0 4880 FO 550> oo s o] 5 s g o adlol Jgloe 4y Sligel ohad o,lad

A aedSPCY ¢ v v Glos bioysS 0 4B A0 Side 4 g eduds wlew] Jol> oole ¢3l il pled] 51 o 09 plol Gl >l
@UMMQ).JU?—Y’

ol 5l eslitul b ot oo (il Cu 3 Il 5B (sl aiged g9 pa (=) JS2) adised (XRD) S0l 9550 (Al b 4 4295 L
ol ooy p eSS TAYYA g AYTE L ol s 5 & NiggMngaLagg,Feyog s NiggMngsFe,0, iges sly a aSics el b Cinlo
1,30 9V, 00 Ll s 5 & NiggMng ,Lag gy Feyog sNiggMng ,Fe,0, aiges sl [Y] 10 alal) lavss 55 S sl o3lal
5 RIS s 4 (Sl o i L Bl 0538 L S sl ol 5 4 Sl 355 o sanlive o psbilon 5 dlons ol
sl 00 03ls Hlis (o -V) UKo j0 a5 (FESEM) Jlase JonS gy (55,58l oSwg,Soe 5L s 4 az g3l .auly o (i3]
Fagl Ve sgam 0 50 OIS ojlal Kl g closl o (gl olS g lagl 5l (S g aiee CB eSS Lo E aer gl @lyd

sl e

@ by o Slom slodil> sosmsylis (o -) JS8) ol 48,5 18wy 3,90 VSM 36T 5l soliiw! b &350 caboline olgs
& NiggMng Lag gy Feq g oois 0anNT aiges s Nig gMngFe,0, (alls dises sy gl Giblae a5 by e polie il o boaiges
L py omabline olge g4 5l Slge opl wilowy slodil> ] a5 axg b ael cawss 0F,)PAEMU/E 5 O AVYEMU/EL 4l s )5
vy bosly 0,53 an e o Huilem slas (pwnbliseg SSUl cblas ais) jo oles )5 sl 13 5 waril oo YL slosl iblise
sl e wFe™ slayys s> wla™ blixe,d sboiys sSliils a4 by e elil ablixe polie )5 0ol ssaline ials .aiil o

I¥] il oo alS B a5 ablise o 4 ,o oS il oo (Ll Jt5Lo 51 B

Yot
Sl oy B WWW.OPSILIE  colu o a5 cawl jLael gl)ls 5,00 50 alie oy


http://www.opsi.ir/article-1-2267-en.html

[ Downloaded from www.opsi.ir on 2025-07-31 ]

Oz 3 i SSR31 = ST Y 31 -ITAR 15! Sgishsils iles

.| x=0.00

x=0.02
20

20

20

Magnetization (amu/g)

40

60

-80 T T T T
-10000 -5000 0 5000 10000

H (Oe)

(+)

Intensity ( arbitrary units )

il

% % % % % s % %
2dogree)

=) (<&

Sl,356 VSM loges (&) c0ads 5 ly3936 FESEM j30las (&) dadiges 4 bgs o XRD il (Gill) - S5

oy 9 gl Qe e BV v 03l ,0 Gds cib 5l ool (F JSo) o eolatwl UV-VIS 5JUT 5l dadiges Sunl Lolys cw)p jekateds

g NiggMng, Fe,0, 4505 glp a5 ol dwbre ladiges (5,50 BB Tauc akl, ;I solatwlh hY cowsp (@h9)? Joges

(D139l 4y palisY 0438l b bl cpl 4y ax gl ol s Sy e i SIIVACY g VWYV L il oS5 4 NiggMngLaggaFesog

1/0 4 E,umrnn:c

Absorbance

Absorbance

100 200 300 400 500 600 700 800 900 1000
wavelength (nm)

)

Lflead 3855 ,0 (L3 cldlas b a5 axsly iol38l 65,0 S

100 200 300 400 500 600 700 800 900 1000
wavelength (nm)

(G

Nig ¢Mng 4Lag g Fe; g5 aigei () - Nig gMng 4Fe;0, aiges (&) sy (65,5 B o loged g (UV-VIS) i il logel A ]

Jol> s iads yiws Sl 5 - e gy 4 padli¥ b oo sauVT g alls & jgos 53K 05 ol < 8 13430
g9 5l olge cpl aS ols lis Wdaigad gundbline olgm gy aidl oo (il cg 8 Qe 51 LSCas oaisS a6 XRD
& NiggMng Lag g, Fey o s NigeMngFe,0, &lhdgl o550 B lade UV-VIS 5JGT 51 solitwll .osil oo p 5 cmaboline

C. Kumari, et. al. Phase Transit 93(2), 207, 2020.

M. Rostami, et. al. Ceram. Int 45, 7606, 2019.

X. Ren, et. al. J. Magn.Magn. Mater 354, 44,2014.
K. Sakthipandi, ez. al. Ceram. Int 46(11), 19634, 2020.

Bl

V.0

Dol Cawdda VACY 9V VN0 eV sga> ,0 el 5

&=l

Sl oy B WWW.OPSILIE  Colu o a5 cawl jLael gl)ls 5,00 50 alie oy


http://www.opsi.ir/article-1-2267-en.html
http://www.tcpdf.org

